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APPARATUS FOR MONITORING ELECTRIC MOTOR SCREW DRIVER SYSTEM 



Field of the Invention 



The present invention relates to an electric motor 
screw driver system; and, more particularly, to an 
apparatus for monitoring fastening operation of the 
electric motor screw driver system in order to increase 
efficiency of assembling processes. 



Description of Related Arts 



It is well fcnown that a conventional electric-motor 
screw driver performs to fasten various fasteners such as a 

15 screw, a bolt or nuts by controlling a rotary axis of the 
electric^motor screw driver in response to a torque of 
electric power used for rotating the rotary axis. 

Fig. 1 is a diagram for illustrating a conventional 
electric-motor screw driver. Referring to Fig. 1, the 

20 conventional electric-motor screw driver includes a driver 
100 and a controller 200. The driver 100 also includes a 
lever 110. 

When the lever 110 is pushed, the driver 100 sends an 
activation signal, which is logical high f to the controller 
25 200 and the controller 200 drives an electric motor 
equipped inside of the electric motor screw driver by 
responding to the activation signal. 
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* 

By driving the electric motor, the rotary axis 120 is 
rotated. If an electric power for driving the electric 
•motor, reaches a predetermined torque, the driver .1°° 
generates a pulse signal and sends the pulse signal to the 
5 controller 200 as a rotation stop signal- The controller 
200 stops the electric motor by responding to the pulse 
signal in order to stop rotating the rotary axis 120 . 

* • * 

Additionally, the controller ■ 200 receives an 
alternative current A.C. and supplies a direct current D,C. 
10 to the driver 200. 

hs mentioned above, the conventional electric motor 
screw driver system has a function to stop rotating the 
rotary axis when an operation power reaches a predetermined 
torque. However, the conventional electric motor does not 
15 have any functions to monitor conditions of fastening . 

operation such as the number of fasters which are 
completely fastened or malfunctioning fastening operation. 



Summary of the Invention 

20 

It is, therefore/ an object of the present invention 
to provide an electric motor screw driver system for 
monitoring a fastening operation in order to increase 
efficiency of assembling processes. 
25 It is another object of the present invention to 

provide an apparatus for monitoring the fastening operation 
in order to verify completeness of fastening operation. 

2 
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It is still anther object of the present invention to 
■ provide an electric motor " screw driver system for 
generating information signal in order .to cooperate with 

■ * 

other peripheral apparatus such as convey belt. 
5 In accordance with an aspect of the present invention , 

there is provided an electric motor screw driver system, 
comprising: a driver having a first signal generation unit 
for generating a rotation start signal representing operate 
a fastening operation of the driver and a second signal 

10 generation unit for generating a rotation stop signal 
denoting a stop of the fastening operation; a power 
controller for controlling to operates the fastening 
operation of the driver by supplying electric power to the 
driver in ' response to the rotation start signal and ceasing 

15 the supply of electric power to the driver in response to 
the rotation stop signal; a driver monitoring unit for 
monitoring the fastening operation of the driver based on 
pre-determined fastening information, the rotation start 
signal and the rotation stop signal in order to determine 

20 whether the fastening operation is appropriately completed 
or not, generates information signal based on a result of 
monitoring; and a display unit for receiving the 

i 

information signal from the driver monitoring unit and 

« 

displaying the information signal. 
25 In accordance with an aspect of ■ the present invention, 

there is also provided an electric motor screw driver 
system, comprising; a driver having a first signal 
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. • generation unit for generating a rotation start signal 
representing operate a fastening operation of the driver 

and a second signal generation unit for generating a 

> « 

rotation stop signal denoting a stop of the fastening 
5 operation; a power Controller for' controlling to operates 
the fastening operation of the driver by supplying electric 
power to thQ driver in response to the rotation start 
signal and ceasing the supply of electric power to the 
driver in response to the rotation stop signal; a driver 

10 monitoring unit for monitoring the fastening operation of 
the driver based on pre-determined fastening information, 
the rotation start signal and the rotation stop signal in 
order to determine whether the fastening operation is 
appropriately completed or not, generates information 

15 signal based on a result of monitoring; an operation 
processing unit for outputting the result information 

signal from the driver monitoring unit to external 
peripheral apparatus and receiving operation information 
signal from the external peripheral apparatus in order to 
20 cooperate with the external peripheral apparatus; and a 
display unit for receiving the information signal from the 
• driver monitoring unit and displaying the information 
signal. 

In accordance with an aspect of the present invention, 
25 there is also provided a driver monitor in an electric 
motor screw driver , system, where in the electric motor 
screw driver system including a driver having a first 

4 
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signal generation unit for generating a rotation start 

■ * 

signal representing operate a fastening operation of the 
driver and a second signal generation unit for generating a 
rotation stop signal denoting a stop of the fastening 
5 .operation and a power controller for controlling to 
operates. the fastening operation- of the driver by. supplying 

■ 

electric power to. the .driver in response to the rotation 

■ > • • 

start signal and ceasing the supply of electric power to 
the driver in response to the rotation stop signal/ the 

10 driver monitor, comprising: a driver monitoring unit for 
monitoring the fastening operation of the driver based on 
pre-determined fastening inf ormation f the rotation start 
signal and the rotation stop signal in order to determine 
whether the fastening operation is appropriately completed 

15 or not, generates information signal based on a result of 
monitoring; an operation processing unit for outputting the 
result information signal from the driver monitoring unit 
to external peripheral apparatus and receiving operation 
information signal from the external peripheral apparatus 

20 in order to cooperate with the external peripheral 
apparatus; and a display unit for receiving the information 
signal from the' driver monitoring unit and displaying the 
information signal- 



25 Brief Description of the Drawing (s) 



The above and other objects and features of the 
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present invention will become apparent from the following 
description of the preferred embodiments 'given in 
'conjunction with the accompanying drawings, in which: 

■ ■ f 

« 

• # 

. * 

Pig. 1 is • a diagram for illustrating a conventional 

■ 

5 electric-motor screw driver; 

Fig. 2 is a diagram for illustrating an electric 
motor screw driver system in accordance with a preferred 
embodiment of the present invention; 

Fig. 3 is a graph shows a waveform of rotation start 
10 and rotation stop signals in accordance with a preferred 
embodiment of the present invention; 

Fig- 4 shows a user control panel of a driver monitor 
in accordance with a preferred embodiment of the present 
invention; 

15 Figs. 5A to 5D are graph showing how to determine 

whether the fastening operation is normally or abnormally 

completed in accordance with a preferred embodiment of the 

< 

present invention; 

Fig- 6 is an electric motor screw driver system in 
20 accordance with another preferred embodiment of the present 
invention; and 

Fig. 7 shows a cable for communicating the electric 
motor screw driver system with an operation processing unit 
with a peripheral apparatus, and a driver monitor having 
25 ports for the cable. 

6 
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Detailed Description of the invention 



Other objects and aspects of the invention will 
become apparent from the following description of the 
5 „ embodiments with reference to the accompanying drawings r 

■ • 

which is set forth hereinafter. 

Pig. 2 is a diagram for illustrating an electric 
motor screw driver system in accordance with a preferred 
embodiment of the present invention. 
10 Referring to the Fig- 2, the electric motor screw 

driver includes a driver 100, a controller 200 for 
controlling operations of the driver 100, and a driver 
monitor 300 for verifying or determining whether a 

■ a 

fastening operation of the driver is appropriately 
15 completed or not based on a rotation start signal and a 
rotation stop signal from the driver and outputting a 
result of determination by generating information signal. 

The driver 100 includes a first switching unit 103 
for generating a rotation start signal in order to rotate a 
20 rotary axis of ' the driver 100 and a second switching unit 
101 for generating a rotation stop signal in order to stop 
the rotary axis of the driver 100, According to the 
rotation start signal and rotation stop signal, a motor 105 
is operated in order to rotate the rotary axis of the 
25 driver. Fig. 3 is a graph shows a waveform of rotation 
start and rotation stop signals. The rotation start signal 
and rotation stop signal are digital signals. The rotation 
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■ 

start signal is continuously activated while the first 

■ 

switching unit; is turned on. . The first switching unit 103 
is the lever 110 of Fig. 1. That is, while the lever • 110 

• • 

is pushed, the rotation start signal is generated and 
5 . maintained as activated .and the motor of the rotary axis in 
a driver is rotated, . In a meantime/ . the rotation stop 
signal is a pulse signal, which is instantly activated at 

the moment that the second switching unit 101 is turned on. 

» 

That is, the rotation stop signal is generated at the 
10 moment that electric power for driving the driver 100 is 
reached to a predetermined torque. That is, after the 
rotation start signal is activated and if the electric 
power for rotating the rotary axis of the driver 100 
reaches a predetermined torque, the rotation stop signal is 
15 invoked. When the rotation stop signal is activated, the 
rotary axis of the driver 100 is stopped to rotate. 
Therefore, the rotary axis of the driver is rotated a time 
interval between the rotation start signal and the rotation 
stop signal. 

20 The controller 200 receives the rotation start signal 

and the rotation stop signal from the first switching unit 
103 and the second switching unit 101 of the driver 100. 

According to rotation start signals, the controller 

* 

generates a fist control signal to turn on the motor 105 
25 equipped inside of the driver 100 by turning on a motor 
switch 107 for supplying an electric power to the motor 105 
to rotate the rotary axis. According to the rotation stop 
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signals, the controller generates a second control signal 
to turn off the motor switch 107 in order to stop to supply 
elecrric power to the motor. Also the controller 200 
passes the rotation start signal and the rotation stop 
5 signal to the driver monitor 300. 

The driver monitor ■ 300 is a core of the present 
invention. The ' driver monitor 300 analyzes the fastening 
operation of the driver according to the rotation start 
signal and the rotation stop signal and generates 
10 information signal based on a result of analysis. The 
driver monitor 300 receives the rotation start signal and 
rotation stop signal, and performs programmed tasks 
according to preprogrammed modes based on the received 
rotation start signal and the rotation stop signal. Mainly, 
15 the driver monitor 300 measures a fasten time for spending 
to fasten each fasteners such as screws/ bolts or nuts, 
comparing the fasten time with predetermined target time 
range for verifying completeness of fastening operation and 
generating the information signal to perform programmed 
operations according to a result of comparison. 

The driver monitor 1 300 includes a regulator 310, a 
user control unit 320, a memory 330, a microprocessor 340, 
and a display unit 350- 

The regulator 310 generates an operating voltage * 5V 
25 of internal circuit by down converting external voltage 20 
- 38 V from the controller 200. 

■ 

The user control unit 320 provides an interface to 



20 
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control the electric motor screw driver system to a user. 
Through the user control panel 320, the user can input 
information into the driver monitor for performing various 
tasks such as storing parameter values, setting modes, 

• ■ « 

5 setting a predetermined target time range , inputting unit 
fastening times, inputting maximum or minimum unit 
fastening times , inputting the number of fasteners for one 
cydle of fastening operation, and resetting to an initial 
state- 

10 The memory 330 stores predetermined values for 

fastening operations, a plurality of programmed modes, and 
additional information inputted from the user. 

The microprocessor 34 0 receives the rotation start 
signal and rotation stop signal, analyzes the rotation 

15 start and rotation stop signals ' to measure the time 

• .■ 

interval between the rotation start signal and the rotation 
stop signal and generates information signal according to 
.pre-programmed ' modes and the "user's setting by using the 
information stored in the memory 330 such as the 

20 predetermined target time rage. 

The display unit 350 receives information signal from 
the microprocessor 340 and displays a result of the 
analysis to corresponding sub displaying units- The 
display unit 350 includes a LCD unit 350A, a buzzer 350B, a 

25 green LED 350C, a red LED 350D and a segment LED 350E- 

Hereinafter, operations of the driver monitor 

» 

according to preprogrammed modes are explained in detail, 

10 
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The driver monitor 300 performs .necessary tasks 
according to pre-programmed modes such as a setting mode, 
an operation mode, a password setting mode r and a reset 
mode. Each of pre-programmed modes is selected by user 

5 through the user control unit 320, 

At the setting mode, the driver monitor collects 
predetermined fastening information regarding to 
determinate whether the fastening operation is normally 
completed or not such as a mean time of unit fastening 

10 operation, the number of fasteners in a cycle of fastening 
operation, the predetermined target time range and a 
maximum unit fastening time or a minimum unit fastening 
time. At the setting mode, the screw drive computes a mean 
time of unit fastening operation by measuring real time for 

15 -fastening a set of fasters' in one cycle of fastening 
operation and dividing total fastening operation times by 
the number of fasters in a set. The computed mean time is 
stored at the memory as mean unit fastening operation time. 
It is such as threshold value to determine whether the 

20 fastening operation ■ is normally completed. Other 
information is inputted and stored at the memory by user's 
input through the user control panel. That is, at the 
setting mode, a target object is tested to be subjected to 
the fastening operation to obtain the predetermined 

25 fastening information including the predetermined target 
time range. 

At the operation mode, the driver monitor measures 

11 
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real time for fastening each fastener by receiving the 

■ ■ « * 

■ 

-rotation start signal' and the- rotation stop signal from the 

■ 

driver 100 and determine whether each fastening operation 

■ 

is appropriately completed or not based on the stored 

» * 

5 information such as the mean Unit fastening operation time, 
the maximum unit fastening time and the minimum unit 
fastening time,. That is, at the operation mode, the 
fastening operation of the driver is monitored by comparing 
a time interval between the rotation start signal and the 

10 rotation stop signal and the predetermined fastening 
information to thereby generating a completion signal 
representing a completion of fastening operation. How to 
determine completeness of fastening operation will be 
explained in later by referring to Figs. 5A to 5D. 

15 At the initial mode f the driver monitor is reset to 

initial mode and at the password setting mode, a security 

a ♦ 

function is performed according to input of password. 

In a meantime, the preprogrammed modes can be varied 
according to manufacture company' design- In the above 
20 preferred embodiment of the present invention, 6 
preprogrammed modes are provides as following table- 



Table- 1 





Menu 


Function 

• 


Remark 


1 


Product info 


Product version 




2 


Running mode 


Work mode 





12 
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3 


Pass word 

4 


Security by entering pass 
word 


initial . 

* 

jih. jfc j«h 

pw 0000 


4 


parameter 
setting 


program address, Min, Max, 

• 

fastening time r 
Screw number 


• 

■ 

• 

• 


5 


Cycle start 
setting 

• 


Set the way of cycle 
starting 

• • 

* 


■ 

• 


6 


Fastening 
time test 


Measurement of screw 
fastening time, and check 
the average/ Min/ Max 
value 




7 


Total count 
reset 


Total fastened screw 
number reset 





The preprogrammed modes are controlled and set by the 
user control panel. 

Fig, 4 shows a user control panel of driver monitor 
5 in accordance with a preferred embodiment of the present 
invention* 

Referring to Fig- 4, the panel of driver monitor 
includes a key .pad unit 41 consisted of a menu key, an 

■ 

enter key, a left key and a right key, a LCD unit 42 for 
10 displaying state of fastening operation such as selected 
mode, fastening time, and judgment (ready, OK, ERROR), a 
LED number displayer <a3 for displaying the number of 
remained fasteners to be fastened for each cycle of 

fastening operation, a reset unit 4 for resetting the 

13 
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• ■ 

number of fasteners for each .cycle of fastening operation, 

* 

and a determination LED unit for emitting a green LED or a 
red LED according a result of determination. . 

• ■ 

Hereinafter, a concept of how . to verify completeness 
5 of fastening operation is explained by referring to Figs. 
5A to 5D. 

Figs. 5A to 5D are graph showing how to determine 
whether the fastening operation is normally or abnormally 
completed in accordance with a preferred embodiment of the 
10 present invention. 

The rotation start signal is inputted to the driver 
monitor when the rotary axis is started to rotate. And the 
rotation stop signal is inputted to the driver monitor when 
the' rotary axis is stopped to rotate- Therefore, the 

15 fastening time of each fastener can be measured by 
subtracting a time of receiving the rotation start signal 
from a time of receiving the rotation stop signal. That is, 
the time interval between the rotation stat signal Restart 
and the rotation stop signal R_Stop is measured. For 

20 determining completeness of fastening operation, fastening 
times of fastening a set of fasteners used in a specific 
assembling process is measured at the setting mode 
(Fastening time test mode in Table. 1) and a mean fastening 
time is computed toy dividing the total fastening time of 

25 fastening a set of fasteners by the number fasteners in the 
set. Furthermore, a minimum unit fastening time FT_min and 
a maximum fastening time FT_maj? are computed by comparing j 

14 
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measured fastening times of fasteners with the mean 
fastening unit time. Based on the minimum unit fastening 
time FT_min and the maximum fastening time FTjnax, the 

predetermined target time rahge is computed. - 

./* 

5 . Based on the computed information ■ such as FT min, 

FT_max, mean fastening time> the predetermined target time 
range f the time . interval f the rotation stop signal and the 
rotation start signal, the completeness of fastening 
operation is verified. At the operation mode, the time 

10 interval for fastening the each fastener is measured. 
After measuring the time interval, the time interval is 
compared to the FT_min and the FT_max. If the time 
interval is longer than the FTjain and shorter than FT_max, 
then the fastening operation is appropriately completed. 

15 That is, if the time interval is' in the predetermined 

i 

i 

target time range, the fastening operation is appropriately 
completed. In a contrary, if the time interval, is shorter 
than the FT_min or longer than FT_max, then the fastening 
operation is not completely done. That is, if the time 

20 interval is not in the predetermined target time range, the 
fastening operation is not completely done. 

Fig. 5A show a case of appropriately completed 
fastening operation. Referring to Fig. 5A, the rotation 
stop signal is generated in ' between a minimum unit 

25 fastening time FTjmin .and a maximum unit fastening time 
FTjmax after the rotation start signal is activated. The 
time interval is in the predetermined target range. That 

■ 

15 
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* i 

# 

is, it shows that the fastening operation is appropriately 

• . . . * 

completed. in .this case, the, greed LED is • emitted, 

a t 

' Furthermore, a time for spending fastening operation, the 
number of fasteners in one cycle of fastening operation and 
5 OK message are displayed in the LCD unit. 

Fig* 5B shows a case of uncompleted fastening 

■ ■ 

operation detected by short of fastening . time of each • 
fastener. The rotation stop signal is generated before the 
minimum fastening time (FT__min) after the rotation start 
10 signal is activated. The time interval is not in the 
predetermined target range. In this case, the red LED is 
emitted and a time for fastening operation and error 
message such as "not completed (short) " are displayed at 
the LCD unit 42. 

15 Pig, 5C shows another case of uncompleted fastening 

operation detected by exceed of fastening time. The 
rotation stop signal is generated after the maximum unit 
fastening time (FT_max) after rotation ' start signal is 
activated. The time interval is not in the predetermined 

20 target range. in this case, the red LED is emitted and a 
time for fastening operation and error message such as "not 
completed (exceed)" are displayed at the LCD unit 42- 

Fig. 5D shows further another case of uncompleted 
fastening operation when an electric power for fastening 

25 operation is not reached to predetermined torque. The 
rotation start signal is inactivated before the rotation 
stop signal is generated. The time interval is not in the 

« 

16 
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predetermined target range- in this case, the red LED is 
emitted and the time for fastening operation, ' the number of 

• • • 

. the fasteners arid, an error message such as "No torque" are 

■ 

'; displayed on the' LCD unit 42. '• 

5 Fig. 6 is an electric motor screw driver system in 

accordance with another preferred embodiment of the present 
invention. 

Referring to Fig. 6, the electric motor screw driver 
sysrem in Fig- 6 is identical with an apparatus in Fig. 3 
10 excepting an operation processing unit 400. Therefore, the 
other elements of the electric motor screw driver system in 
Fig. 6 are omitted excepting the operation processing, unit 
400, 

The present invention can be cooperated with other 
15 peripheral apparatus such as a convey belt r a displayer or 
other electric motor driver system by generating and 

^ 

outputting a information signal regarding to the fastening 
operation analyzed based on the rotation start signal and 

rotation stop signal. 
20 The operation processing unit receives the 

information signal from the microprocessor 340 in the 

driver monitor, analyses necessary information contained in 

the information signal and generates' operation order signal 

r 

to other peripheral apparatus. After completing proper 
25 operation, the operation processing unit outputs a work 
done signal of the proper operation to the microprocessor 
340 in the driver monitor. 

a 

17 
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For example, in case than the preferred embodiment of 

* 

the present invention is connected to a convey belt,* the 
operation processing unit 400 generates operation start 
signal responding to the convey belt when new parts to be 
5 assembled is arrived and send operation start signal 
W Start to the microprocessor 340 in the driver monitor. 

■ 

According to the operation start signal W_Start, the 
electric motor screw driver system performs normal 
assembling operation and the driver monitor determines 

10 whether <sach cycle of fastening operation is completed or 
not- After one cycle of fastening operation of driver is 
completed, the driver monitor sends an operation end signal 
w end to the operation processing unit. In response to the 
operation end signal, the convey belt delivers new parts to 

15 be assembled. As mentioned above , the present invention 
can cooperate with other peripheral apparatus such as 
convey belt by generating and outputting information signal 
regarding to the fastening operation based on the rotation 
start and rotation stop signal and receiving an operation 

20 information signal from the other peripheral apparatus 
through the operation processing unit 400. 

Fig- 7 shows a cable for communicating the electric 
motor screw driver system with an operation processing unit 
with a peripheral apparatus, and a driver monitor having 

25 ports for the cable. 

Referring to rig* 7, the driver monitor includes an 
input/output port 701 and a connection port 703. By using 

18 
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the input /output port 701 connected to the operation 
processing unit 400, the driver monitor communicates With 
the peripheral apparatus through a signal cable- 

■ * . 

In a meantime , the controller is provided as separate 
5 . circuit board in .the preferred embodiments explained above. 
However, the controller can be equipped inside circuit of 
the driver- Furthermore, a protocol between the electric 
motor screw driver system and other peripheral apparatus 
can be varied according to a manufacture design. 
10 As mentioned above, the present invention can 

increase efficiency of assembling processes by providing an 
electric motor screw driver system monitoring fastening 
operation of each fastener. 

Moreover, the present invention can verify proper 
15 completeness of fastening operation by measuring real time 
of fastening operation and comparing the measured time with 
predetermined minimum unit fastening time and maximum unit 
fastening time. 

Furthermore, the present invention can automatically 

■ 

20 cooperate with other peripheral apparatus such as convey 
belt by generating and outputting information signal 
regarding to the fastening operation based on the rotation 

■ 

start and rotation stop signal, and receiving operation 
information signal generated and outputted from the other 
25 peripheral apparatus . 

■ 

While the present invention has been described with 
respect to certain preferred embodiments, it will be 

19 
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apparent to those skilled in the art thar various changes 
and modifications may be made without departing* from the 

•• scope of the invention as defined in the following claims i ' 



20 



